Introduction
There have been great advances in the chemistry of sulfursubstituted crown ethers [1] . Application of these compounds to molecular machines and devices has also attracted much attention [2] . In general, redox reactions between dithiol and disulfide are very useful to control molecular structures and act as function simultaneously [3] . This phenomenon is known to regulate enzymatic activity and ion recognition of artificial hosts [4] . Ryser and co-workers have shown for the first time that agents which interfere with thiol-disulfide reduction on the cell surface inhibit HIV-1 infection. They identified protein disulfide isomerase (PDI) located on the cell surface as a candidate enzyme to catalyze this reaction [5] . Accordingly, design and synthesis of several redox-switched crown ethers with disulfide linkage are reported, for examples, for zinc abstraction from proteins and disrupt their conformation for achieving maturation of HIV virus [6] , paraquat and secondary ammonium salts recognitions [7] , and selective electrode properties in laboratory [8] , and in the biomemberanes [9] .
On the other hand, the sulfonamide functional group has a long and rich history in organic chemistry and drug discovery. Beginning with the discovery of the 'sulfa' antibiotics in the 1930s that revolutionized the treatment of bacterial infections [10] , and continuing into the present day with the development of potent anti-retrovirals used to treat patients infected with HIV [11] , sulfonamides remain a particularly important class of compounds for the treatment of infectious diseases [12] .
Recently, there has been much interest in the chemistry of proton-ionizable crown ethers [13, 14] . The nature of the proton-ionizable group, particularly its acidity, controls the metal ion complexation properties of such ligands. Aryl sulfonamides offer an advantage over other proton-ionizable crown compounds by increasing the acidity of the amide protons by stabilizing the nitrogen anions [15, 16] . Bradshaw et al. [15] [16] [17] have been reported bis-sulfonamide crown compounds as excellent alkali metal cation carriers in bulk liquid membranes.
In recent years, we have been involved in the use of macrocyclic ligands as suitable neutral ionophores in selective complexation as well as in construction of selective electrodes for heavy metal ions including UO2 2+ etc. [18] . In this work as a preliminary study in designing of a biosensor, we report on the synthesis and antimicrobial evaluation of some macrocyclic crown ethers including amide, sulfonamide, and disulfide moieties (Scheme 1). We decided to synthesize the macrocyclic bis-sulfonamide. The p-chlorophenol which was employed as precursors in their preparation is an antiseptic drug. pChlorosulfonamide (chloroquine) is a potent antimalarial drug. Salicylanilides (2-hydroxy-N-phenylbenzamides) have been reported as a class of compounds with a wide variety of interesting biological activities, including antimycobacterial and antifungal effects [19] [20] [21] .
Experimental

Chemicals and reagents
Chemicals were either prepared in our laboratories or purchased from Merck, Fluka and Aldrich Chemical Companies. All yields refer to isolated products. The reactions were monitored by thin-layer chromatography carried out on silica plates. The products were characterized by comparison of their physical data with those of known samples or by their spectral data. IR spectra were recorded on a Shimadzu-IR 470 spectrophotometer. 1 H NMR spectra was recorded on a Bruker-100 MHz spectrometer in CDCl3 as the solvent and TMS as internal standard. Mass Spectra were determined on a Shimadzu GCMS-QP 1000 EX instrument at 70 eV. Bis-chlorides (1a-d) and macrocyclic bis-amides 3, 5, and 6 were prepared according to previously reported procedures [22] [23] [24] . The microorganisms (Bacillus cereus (PTCC1247), Staphylococcus aureus (PTCC1431), Escherichia coli (HB101BA7601C), Pseudomonas aeruginosa (PTCC1074), Aspergillus niger (PTCC5011) and Fusarium oxysporum (PTCC5115)) were purchased from Pasteur Institute of Iran. Flammulina velutipes was gifted from microbiology laboratory of Ferdowsi University of Mashhad. 
General procedure for the synthesis of macrocyclic bis-amides (3-8) by fast addition method
A solution of diamine 2a-e (2.0 mmol) and triethylamine (0.41 g, 4.0 mmol) in CHCl3 (10 mL) was added quickly (5 sec.) to a vigorously stirring solution of dichloride 1a-d (2.0 mmol) in CHCl3 (10 mL) at 0 o C. The reaction mixture was stirred at room temperature for 20 mins. The precipitate was filtered off and the filtrate washed with water (2 x 20 mL) and 10% aqueous sodium hydroxide solution (20 mL) and then with water (50 mL). The organic layer was dried with anhydrous magnesium sulfate and the solvent was evaporated to give a solid product. The crude product was purified by either recrystallization from petroleum ether and n-hexane or column chromatography using petroleum ether (B.p.: 60-80 o C)-ethyl acetate as eluent. 6,7,9,10,17,18,19,20,21,22- 
Antimicrobial Screening
Reperesentative compounds 3-6 were screened in vitro for their antibacterial activities against bacteria (Bacillus cereus (PTCC1247), Staphylococcus aureus (PTCC1431), Escherichia coli (HB101BA7601C), and Pseudomonas aeruginosa (PTCC1074)) using disc diffusion method. Dimethyl sulfoxide (DMSO) was used, as a solvent to prepare desired solution (5%) of the selected compounds initially. The inhibition zones (mm) of microbial growth produced by different compounds (100 μg/disc) were measured (as a mean of three replicates) at the end of an incubation period of 24 h at 35 °C. Streptomycin was used as a standard antibiotic for the evaluation of the antimicrobial activity.
These compounds were screened for their antifungal activities against three fungal species (Aspergillus niger (PTCC5011), Fusarium oxysporum (PTCC5115)), and Flammulina velutipes). In the case of antifungal screening the concentration of tested compound in DMSO is also 5% and the inhibition zone (that obtained in each case as a mean of three replicates) were compared with fluconazole as a standard antifungal drug at the end of an incubation period of 72 h at 25°C.
Results and discussion
Typical macrocyclic bis-sulfonamide (3), amide (4, 7, and 8), and disulfides (5 and 6) (Scheme 1), are prepared by reacting bis-chlorides (1a-d) and diamines (2a-e) in a fast addition method [25, 26] (Scheme 2). The cyclization was carried out with vigorously stirring and fast addition of a mixture of the diamine (2a-e) and triethylamine into a solution of bis-chlorides (1a-d) in CHCl3 over 5 sec. A typical preparation of macrocyclic diamide (4) is as follow: a solution of the 1,3-diaminopropane (2b) (2 mmol) and triethylamine (4 mmol) in CHCl3 (10 mL) was added rapidly (5 sec.) into a vigorously stirred suspension of diacid chloride (1b) (2 mmol) in CHCl3 (10 mL) at 0 o C. After the usual work up and purification, dilactam macrocycle 4 was obtained in 95% yield. Macrocyclic crown ethers 3, and 5-8 were obtained in a similar manner in good yields. The structures proposed for the macrocyclic compounds are consistent with data derived from IR and 1 H-NMR spectra and molecular weights that determined by mass spectrometric analysis.
In order to investigate the potential anti-microbial activities of macrocyclic compounds with sulfonamide and disulfide moieties, compounds 3-6, as examples, were selected and screened in vitro for their antimicrobial activity against . The antibacterial activities of tested compounds were evaluated by the reported method [27] using 5% concentration of selected compounds in DMSO as a solvent. The inhibition zones (mm) were compared with Streptomycin as a reference drug. In the case of antifungal the concentration of tested compound is also 5% and the inhibition zone were compared with fluconazole as a standard antifungal drug. The biological activities of the tested microorganisms are summarized in Table 1 . From Table 1 , it is obvious that, tested compounds show remarkable antibacterial activities while the antifungal activities are not remarkable except in the case of bis-sulfonamide 3 which reveals acceptable activity.
Compounds 3, 5 and 6 show antibacterial activities against most strains tested. The results were compared with Streptomycin as a reference drug and dilactam 4 as a simple macrocycle without any sulfonamide or disulfide groups. Macrocyclic bis-sulfonamide 3 with reasonable antibiotic activity has two m-chlorosulfonamide moieties in its structure and also is similar to the p-chlorophenol, dichlorophenol, gamophene, chloroquine and Salicylanilides. Although the antibacterial activity involves multiple mechanisms [28] , the antibacterial activity of these macrocycles may be attributed from one of the following issues; a) The presence of acidic sulfonamide protons may change the pH, or react with basic moieties of proteins in the cell membrane and deformed the cells. b) Complexation of macrocycles with metal ions in the cell and deformed the cell by uptake ions from them. c) Complexation of macrocycles with metal ions in the cell membrane may inhibit the activity of those enzymes which activated in the presence of metal ions (diastases need a codiastase such as Cu 2+ ion).
d) Nucleophilic displacement of chloro group with NH2 or SH residues of proteins in the cell membrane. e) Disulfide (S-S) moiety of the macrocycles 5 and 6 may contributed in oxidative-reductive dehydrogenase reactions in the respiratory system and protoplast in the cell and so, waste the energy.
Since, macrocylic amide 4 does not show considerable activity, possibilities b and c are ruled out in the case of bissulfonamide 3. On the other hand, sulfonamide protons are strong acids than amides. So, possibilities a and d are the suggested source of activity of compound 3. While we suggest the moderate activities of disulfides 5 and 6 are due to the possibilities a or e.
Conclusion
In conclusion, sulfonamide and disulfide containing crown ethers revealed promising antibacterial activity. Besides sulfonamide crown ethers could be a good biosensor candidate for known microorganisms. Thus, these compounds could be used as lead structure in biosensor preparation and pharmaceutical industry.
